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Objective
=========

The purpose of the study was to confirm the hypothesis of possible intestinal viruses circulation in wastewater in Dnipropetrovsk Oblast, Ukraine.

Introduction
============

The main reservoir of intestinal viruses in the environment is human feces and contaminated wastewater. Sewage contamination preconditions further contamination of surface water serving as a source of water supply \[[@r1]-[@r3]\]. High resistance to physical and biological exposures ensures long-term survival of the viruses in water with various type and level of contaminants, especially in sewage. Detection of enteroviruses of a specific serotype in sewage indicates a significant number of people releasing the virus with feces \[[@r1],[@r4]\]. There are two peaks of enteroviruses concentration in sewage: in January-April, and in June-September \[[@r3]\]. Sewage testing for enteroviruses is one of effective methods for their detection and risk assessment \[[@r5]\]. European region, including Ukraine, is recognized as free from of wild polioviruses, and a systematic study of sewage samples is important for identifying the possibilities of their \"silent\" circulation \[[@r6]\].

Methods
=======

Wastewater samples from large sewerage collectors, sewage wells of infectious departments, city hospitals and district sewerage networks of Dnipropetrovsk Oblast were tested in 2007-2017 (39-64 samples monthly in the points are determined by the national regulations \[[@r2]\]). Gauze tampons (Moore\'s method) were used to collect wastewater \[[@r3]\]. In addition, samples were collected from wastewater flow into 1-liter sterile bottle with a sampler. Concentration was carried out using Enterosgel (hydroxyl methyl silicic acid) with high adsorption capacity \[[@r2]\]. The supernatant after all the concentration steps was used for culture on cell cultures RD, HEP-2, L20B \[[@r2],[@r3],[@r7]\].

In the presence of cytopathic action in RD cells, culture liquid was inoculated into L20B cells to detect clear cytopathic activity. Culture liquids were investigated to identify enteroviruses in neutralization reaction. In HEP-2, cytopathic effects were observed in the form of clusters of different sizes cells, \"grape clusters\", which indicated the presence of adenoviruses. Adenoviruses were confirmed by immunochromatographic tests for adenovirus antigens \"Cito Test Adeno\" Pharmasko, Ukraine).

Results
=======

During 10 years, 150 viruses were isolated, 2 of them were a mixture of polioviruses. The frequency of detection of enteroviruses (including polioviruses) and adenoviruses was 2.5% ([Tab 1](#t1){ref-type="table"}).

###### Sewage testing for enteroviruses (including polioviruses) and adenoviruses, 2007-2017, Dnipropetrovsk Oblast, Ukraine

     Years                                  2007   2008   2009   2010   2011   2012   2013   2014   2015   2016   2017   Total
  ----------------------------------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----------
     Number of samples                      466    382    381    630    768    584    287    491    597    728    727    6041
     % of positive samples                  3.0    1.8    1.8    3.0    3.4    3.4    2.7    3.4    2.4    0.9    1.4    2.5
     Number of virus isolates, including:   14     7      7      19     26     20     8      17     14     7      11     150
     Poliovirus, type 1                     1                    2                                                       3/2.0%
     Poliovirus, type 2                                                                                                  
     Poliovirus, type 3                     1      1                    2                           1      2             7/4.7%
     Mixture of polioviruses 1+3                                                                    1                    1/0.7%
     Mixture of polioviruses 2+3                                                                    1                    1/0.7%
     Coxsacki virus B1                      3             1      1             4                                         8/5.3%
     Coxsacki virus B3                             1             1      7      2                                         13/8.7%
     Coxsacki virus B5                      2             1      1      2      1             1                    3      10/6.6%
     Non-polio enterovirus                  2      1      1             1                                                5/3.3%
     ECHO virus type 1-6                           1                                                                     1/0.7%
     Adenovirus                             5      3      4      14     14     13     8      16     11     5      8      101/67.3%

The isolated strains of enteroviruses, including polioviruses, were sent for confirmation the Public Health Center of the Ministry of Health of Ukraine and Regional WHO polio reference laboratories (Moscow and Helsinki). All polio strains were attributed to the vaccine strain Sabin. Also, the result Coxsackie viruses B typing was confirmed.

Conclusions
===========

The data testify to presence of *Picornaviridae* (polioviruses, Coxsackie B, non-polio enteroviruses (NPEVs), and *Adenoviridae* in the wastewater in Dnipropetrovsk Oblast, Ukraine. The typical composition of viruses was not constant. Types 1, 2 polioviruses (Sabin) were occasionally isolated from wastewater. Type 2 polioviruses (Sabin) were isolated only in 2015. In 2009, 2012-2014, 2017, polioviruses did not stand out. Polioviruses isolation is associated with mass immunization of children against polioviruses carried out to maintain polio-free status of the country. In average, 150,000 children are vaccinated annually. Oral poliomyelitis vaccine (OPV) produced in Russia, France, Belgium was used in 2007-2017 (attenuated Sabin strains, 1,2,3 types). From April 2016, Ukraine refused to use trivalent OPV and switched to bivalent vaccine (Sabin strains, types 1 and 2).

Sewage testing for polioviruses and their differentiation at WHO National and Regional Centers for Polio Diagnosis ensures a system for monitoring of possible \"silent\" circulation \[[@r6]\]. Sewage testing using cell cultures is one of the most affordable, effective and reliable methods for controlling the presence of viruses in the environment \[[@r2],[@r3],[@r7]\]. RD and L20B cell lines are useful for poliovirus isolation from sewage \[[@r7]\].

In addition to polioviruses, 1,2,3 types Coxsackie viruses B were isolated from wastewater samples. However, starting from 2013, Coxsackie viruses were isolated only in sporadic cases (Cox.vir.B5). In 2007-2011, NPEVs were isolated in some cases. Because polio is on the verge of eradication, more attention should be paid to study of NPEVs \[[@r8]\]. For 10 years, adenoviruses were isolated, which are well preserved in wastewater \[[@r4]\]. The maximum number of adenoviruses was isolated in 2014.
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